Excessive sodium retention has been implicated as a primary or contributing factor in the etiology of pre-eclampsia and evidence to this effect is said to be well substantiated. An increase in serum sodium concentrations during such abnormal pregnancies has never been demonstrated and it is, therefore, concluded that sodium is stored by expansion of the extra-cellular space or incorporated in selected cell systems.
(Submitted for publication September 14, 1953; accepted November 25, 1953) Excessive sodium retention has been implicated as a primary or contributing factor in the etiology of pre-eclampsia and evidence to this effect is said to be well substantiated. An increase in serum sodium concentrations during such abnormal pregnancies has never been demonstrated and it is, therefore, concluded that sodium is stored by expansion of the extra-cellular space or incorporated in selected cell systems.
Careful sodium balance studies (1-5) on limited numbers of normal pregnant patients at isolated gestational periods have also pointed to a persistent retention of sodium, which would lead to the suspicion that there exists a quantitative rather than qualitative difference between normal and preeclanptic patients. A definition of the expected variations in the sodium content of normal pregnant patients would be an essential base line for further investigations on the sodium metabolism in abnormal pregnancies.
The present report relates to a study of the total exchangeable sodium and the sodium space by the isotope dilution method. It was undertaken in an effort to define the limits of normal variations for uncomplicated pregnancies. METHODS 2 Because of the potential hazard involved in the use of radioactive materials in pregnant women, the number of determinations performed during this study was sharply limited. The dosage used was 30 microcuries of NaM per determination per patient, at minimum intervals of four weeks not exceeding six such determinations per antepartum course. On the third or fourth postpartum day and again four weeks after delivery, the determinations 1This investigation was supported by a Research Grant from the National Institutes of Health, Department of Health, Education and Welfare. 2 The authors are indebted to Dr. E. Quimby of the Department of Radiologic Research for her unfailing cooperation, advice and assistance during all phases of the investigations here presented.
of sodium space and total exchangeable sodium were repeated.
After a control sample of blood was drawn from the patient, an infusion of 5 per cent dextrose in water was started. An accurately known volume of the tracer solution containing approximately 30 microcuries of Nae was allowed to flow into the infusion tubing fom a 25 ml. analytic burette by a method previously described (6) . Blood samples were then drawn at 3, 5, and 24-hour intervals. The urine was collected over the same 24-hour period.
The unused portion of the solution remaining in the burette was collected and set aside for comparison and determination of the total dose administered. In order to bring the test solution within the appropriate range of the analyzing instrument, a dilution of the specimens to 1: 200 was found to be most satisfactory. One-half ml. portions of this diluted tracer solution, 0.5 ml. of the 3, 5, and 24-hour serum samples and 2 ml. aliquots of pooled urine were pipetted into planchets in triplicate and dried under an infra-red heat lamp. Because of the low dosage administered, the counting was performed by means of a Nuclear Q-gas counter. The number of counts averaged over 300 per minute and was in excess of ten times the background. All counts were corrected for background and radioactive decay as well as serum absorption. The sodium space was calculated from average values obtained on 3 and 5-hour sera and a knowledge of the total number of counts administered by the familiar formula: Sodium Space in ml.
(count/sec./ml. of test sol.) (ml. injected) counts/sec./ml. of serum For the calculation of the 24-hour sodium space, the total radioactivity of the 24-hour urine was subtracted from the number of counts injected. The 24-hour sodium space multiplied by the concentration of sodium in the serum (mEq. per 1000 ml.) gave the "total exchangeable sodium" in milliequivalents. The sodium content of the 24-hour serum was estimated by the flame-photometric technique.
CLINICAL MATERIAL
Ten primigravidae were chosen for this study on the basis of a normal history, physical examination, and routine laboratory tests. An effort was made to use volunteers who registered during the first trimester, in order to obtain experimental data over as long a period as pos-sible and to provide a base line for future, anticipated changes. One of these patients developed signs and symptoms of mild pre-eclampsia during her third trimester, and underwent Cesarean section at term because of cephalo-pelvic disproportion. Two patients had short episodes of hyperemesis gravidarum during the first trimester, and one was hospitalized near term because of nausea and vomiting. The six remaining patients had entirely uncomplicated antepartum courses. All infants were normal, and none of the mothers had any complication during the puerperium.
RESULTS
Most of the data obtained on these patients are reproduced in Table I pre-eclampsia (B. D.) were not included in Table  III . Preceding and during episodes of hyperemesis these patients lost appreciable amounts of sodium as shown by a drop in the total exchangeable sodium which, after treatment, returned to normal limits.
COMMENT
The demonstration by Moore (9) that it is possible to calculate the total amount of an element in the body provides a means of studying metabolic processes. The application of this principle to elec- Comparing the changes in weight recorded on the 10 patients here investigated, all fall well within the expected range (7), whether the weight one month postpartum is taken as a norm or the patient's stated pre-pregnancy weight is used as a point of reference. Even the pre-eclamptic patient gained weight only within these limits which is to be expected because of the reported lack of correlation of weight gain and incidence of toxemia. In addition to the net gain these weight changes also showed the expected progression except for the three subjects who were hospitalized because of excessive vomiting.
The loss of water, although not directly determined, is presumably reflected in the loss of weight observed on the three patients in question (T. M., B. W., and S. S.). Because of inadequate nutrition, these patients were in a negative sodium balance, hence the total exchangeable sodium would be expected to decline. A substantial fall in the absolute and relative values for the total exchangeable sodium substantiates this deduction. The loss of sodium is proportionately less than the loss of water and chloride and a decline in extracellular anions should then cause a similar decline in cations if a state of compensated acidosis is to be maintained. A relatively small drop in the serum sodium concentration, if reflected in the whole extracellular fluid, should cause an apparent, but not real, expansion of the fluid volume of distribution of sodium. This affords an explanation for the striking increase in sodium space, not only in its relative, but also in its absolute values in the face of a pronounced fall in total exchangeable sodium.
In contrast to the positive rate of gain in weight which reaches its maximum value at term, the rate of retention of sodium is inconsistent. Maximal sodium retention may occur any time during the second trimester, but the net gain, regardless of fluctuations, appears to be reasonably constant. The six entirely normal patients gained an average of 510 mEq. of exchangeable sodium with an average gain of about 20 mEq. per week.
This retention of sodium is considerably less than predicted by other authors. Freyberg, Reekie, and Folsome (5) reported the lowest value for the weekly retention of sodium during the latter part of pregnancy, namely 1.61 Gm. (70 mEq.). Thompson While most of these studies were carried out during the latter part of pregnancy, one group of investigators (Thompson and Pommerenke [1] ) also reported a value of 0.440 Gm. per day for the fourth month of gestation. If this figure were accepted, it would imply that the sodium content of an average patient would more than double during the last two trimesters.
The data here reported indicate that only 12.0
Gm. of sodium (510 mEq.) were retained during the last two trimesters. About one-half to twothirds of this amount can be accounted for in the products of gestation, and the remainder is to be sought in the expanded maternal blood volume. The concentration of sodium in the amniotic fluid is nearly equal to that of plasma, and, since the average volume of the amniotic fluid in term pregnancies is about 850 ml. (14) The fact that an almost equivalent amount of sodium is lost during the delivery and the puerperium, further demonstrates the correctness of these calculations and experimental data.
A possible explanation for the discrepancy between these data and those of others may be sought in the fact that in the present study only the exchangeable sodium has been determined while the classical balance studies consider the net gain in the sum of exchangeable and permanent sodium. One would have to assume that enormous amounts of sodium are stored in bone in a non-exchangeable form, and direct evidence to this effect does not exist.
Numerous attempts have been made to determine the extracellular fluid space and its changes during pregnancy. The distribution of thiocyanate, bromide, radio-sodium, and inulin have been used for this purpose. By far the largest number of determinations based on the distribution of thiocyanate have been reported by Chesley and Chesley (16, 17) (20) , which may well be due to the uniformity of parity and age of our subjects.
In the calculation of average values, the data obtained on patient D. B. were excluded because of clinical signs and symptoms of pre-eclampsia. The obvious increase of the total exchangeable sodium in this patient beyond the established limits for normal pregnant patients suggests that sodium is retained, but does not permit a differentiation between an expansion of the volume of distribution due to an increase in intracellular sodium or an expansion of the extracellular fluid space (21) .
SUMMARY
Ten primigravidae of comparable age were followed throughout their pregnancies by frequent determination of sodium space and total body sodium. Two of these patients had short periods of hyperemesis gravidarum, one was hospitalized near term because of vomiting and one developed signs and symptoms of mild pre-eclampsia.
The relative values for sodium space and total exchangeable sodium did not change appreciably for each of the normal patients during the period of observation. An average value of 24.4 per cent (range 19.3 to 29.5) of body weight was obtained for the sodium space, and the total exchangeable sodium was found to be 39.3 (range 31.9 to 49.5) milliequivalents per kilogram of body weight.
